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Abstract 
The Designer-Fabricator Interpreter (DFI) is a knowledge-based system 
(KBS) that acts as an interface between the designer and the fabricator by providing 
an environment where a design can be critiqued from the viewpoint of a general fabri-
cator's and erector's constraints and capabilities. DFI is intended to expedite the 
transfer of knowledge in the design-construction process. This research focuses on 
the methods used in the development and implementation of DFI. This research also 
develops guidelines such as how to interact with experts and how to plan and conduct 
the knowledge acquisition process for the purpose of more structured development 
and implementation of knowledge-based systems. Case studies are presented on 
how DFI evaluates a given building connection. 
1 
, 
1 Objective of the Designer-Fabricator 
Interpreter Development 
. ) 
The objective of building the Designer-Fabricator Interpreter (DFI) was to 
implement a. pilot-prototype of the system. A pilot-prototype is the working version 
of a knowledge-based system (KBS) where the scope of the domain knowledge is 
relatively narrow (a thin slice) yet is considered meaningful and representative of the 
kinds of knowledge ger1nane to the intended tasks of the KBS. The pilot-prototype 
developed can serve as a platform for the expansion of the knowledge base in order to 
alleviate the mismatches between the intent of the designer and the capabilities of 
the fabricator and erector. 
This thesis discusses the methodologies used in the development and imple-
mentation of DFI for defining the scope of the system during the phases of develop-
ment, and deciding how the knowledge will be acquired, formalized, represented and 
verified. This thesis also presents guidelines for a more structured process of knowl-
edge acquisition. 
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2 Introduction 
A knowledge-based system (also known as an expert system) should not be 
mistaken for an artificial intelligence system. A KBS contains an inference mecha-
nism that acts on a knowledge-base in the system to infer conclusions [Chen 88]. In 
some instances KBS are developed as surrogate consultant (deputy advisor) sys-
tems which may act as substitutes for experts. The KBS is not an artificial intelli-
gence system since it is not a system that does inductive learning [Winston 84], 
[Carbonell 83], [Burstein 83], or that generates methods for making conclusions from 
represented facts. The KBS also differs from conventional algorithmic programming 
since the performance of the system changes with addition of more rules and facts. 
The KBS also does not require that represented facts and rules be presented quanti-
tatively or in a particular order since the inference mechanisms act on the body of rep-
resented knowledge as a whole. The purpose of developing DFI is to improve com-
munication between the designer and.the fabricator. 
Present practice by industry is to review the design on the drawings and then 
make modifications to it using some rationale and set of experienced-based heuris-
tics. The transfer of an expert's knowledge as applied to the design-construction pro-
cess. occurs iteratively and informally as the design progresses and other parties 
involved in the process make their review of the design. The knowledge transfer 
between a designer and a fabricator is accomplished when a design is presented to 
the fabricator who may have differing opinions about how Jhe connections are 
detailed. This is because he may know that there are easier, cheaper or safer ways 
to construct the connections as seen from his perspective. Even the most experi-
enced designers may not be aware of the fabrication consequences of their design and 
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experienced fa bric a tors may not know the designer's intent behind a complex connec-
tion design. Typically knowledge transfer between a designer and a fabricator on the 
East Coast of the United States is not achieved until the drawings are submitted for 
bid which is the first opportunity for constructive feedback on the drawings. 
An advantage of using a KBS is that the transfer of knowledge to the designer 
can take place before the drawings are submitted for bid because the designer can use 
the KBS as a surrogate consultant and can therefore be informed of the potential 
downstream consequences of the connection details. Another advantage is that an 
expert's knowledge is captured in a formalized manner where it can be utilized with 
other experts' knowledge. This concept leads to a KBS that may contain and repre-
sent many different perspectives [Wong and Wilson 89a]. 
The designer could benefit from a KBS by using a system such as DFI. The 
designer would utilize DFI as a surrogate consultant and make appropriate modifica-
tions in the design in light of the critique from DFI [Glysing-Jensen and Wilson 88a]. 
Therefore the designer can attempt different designs and evaluate which ones are 
suitable from the fabricator's perspective. For the designer to easily learn from the 
KBS, DFI is required to have system features such as explanation and suggestion 
facilities which are closely coupled with graphics [Wilson et. al. 88]. 
In the initial stages of development and implementation, it is important to 
deterrnine the characteristics of the user-interface and evaluate if their complexity 
and perf onnance matches the expectations of the development team and their advi-
sors and experts. There are two distinct approaches for developing and evaluating 
the KBS at the pilot-prototype level. One approach is the general-to-detailed 
method (top-down) which lends itself to a large KBS being conceptualized, planned 
and developed over a long-term period. The top-down approach assumes prespecifi-
cation of a KBS is possible The other approach is the detailed-to-general method 
4 
(bottom-up) which is used for development of KBS tools which can be used later to 
construct solutions to problems. In a new problem domain, this approach of tool con-
struction is attractive - yet can be without a problem-focus perspective. 
A third notion, a middle-out approach begins close to the level of the of the 
problem at hand, and it involves a cyclical process of generalizing (bottom-up) and 
specifying (top-down) at each stage of the problem solving process. In middle-out 
development, a pilot-prototype system that supports an important, yet separable, 
part of the overall domain is built quickly and used for the relevant part of the prob-
lem. This pilot-prototype provides rapid feedback on the structuring of the problem 
and on the techniques employed in the KBS. 
The scope of the DFI pilot-prototype can be tested and demonstrated to get 
feedback from industry and can then be expanded gradually to cover a larger domain 
area with more detail using the san1e or modified concepts as the original system. In 
this middle-out approach, the concepts used are evaluated much earlier since specific 
situations can be tested, which is often not possible in top-down development 
because a lot of time will have to be spent on making the system general enough to 
accommodate many different situations [Bennett 83]. 
The middle-out-approach was chosen for the development of the DFI since it 
was the intent to rapidly develop and demonstrate co11cepts with a pilot-prototype. 
Since the emphasis was on the concept of DFI, the development of the system gener-
ally limited the scope of the domain knowledge and encouraged the addition of system 
features to improve the user-interface. The scope of domain knowledge was limited 
to steel beam-column connections in buildings. This thesis is primarily based on the 
methodologies used in the development and implementation of the Designer Fabrica-
tor Interpreter (DFI). 
5 
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3 The Knowledge Engineering Process 
The knowledge engineering process is the series of operations that transform 
the expert's knowledge into a clear and organized set of rules for a KBS. The opera-
tions involved are the acquisition, formalization, representation and verification of 
knowledge that relates to the expert's field. The process of the knowledge engineer-
ing is important for the development of a KBS because it provides a systematic 
method for organizing the expert's knowledge so that it can be used and built upon by 
others. 
The following sections will discuss both the conceptual layout of the KBS and 
the knowledge engineering process for the development of a pilot-prototype for the 
Designer-Fabricator Interpreter (DFI). The conceptual layout of the KBS starts with 
the selection of the characteristics/features of the system and the scope of the knowl-
edge base. Knowledge acquisition is preceded by the conceptual layout. 
3.1 Conceptual Layout of the KBS 
The conceptual layout of the KBS for the pilot-prototype is based on the scope 
of domain knowledge and the identification of system features necessary to support 
the utilization of the knowledge by the intended user (designer). The system fea-
tures must conform with the type of knowledge that the knowledge base contains and 
(i 
the information (context) that it uses. For example, there is no need to have sophisti-
cated three-dimensional graphics if the type of information in the KBS can be handled 
with two-dimensional graphics. 
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The following sections will discuss the planning of the system by describing 
the preliminary tasks in the knowledge engineering process. These are: the definition 
of the scope of domain knowledge (Section 3.1.1 ), the definition of KBS features 
(Section 3.1.2), and the interaction (consultations) with the domain experts (Section 
3.1.3). 
3.1.1 Defining Scope of Domain Knowledge 
The scope of domain knowledge for a pilot-prototype version of a KBS must be 
defined in parallel with other features of the system. As the project and the knowl-
edge engineering process proceed, the scope must be revised because the types of 
connection configurations already included may be found to be redundant for demon-
strating the need for the KBS or so complex that their early inclusion in the project 
development will not be consistent with the level of effort required to produce a pilot-
prototype (proof-of-concept) version. 
The scope should be limited initially to demonstrate the usefulness, and cor-
rectness of the system and the mode of operation rather than to develop a robust 
knowledge base. The underlying concept here is to demonstrate as many system fea-
tures as possible with a non-trivial knowledge base. This is often referred to as pro-
ducing a bounded yet non-trivial system. The task of selecting a suitable scope of 
domain know ledge can be accomplished using one or more of the fallowing methods. 
One method for limiting the scope is to use one particular type of connection. 
For DFI, many types of steel connections for buildings were considered such as 
beam-girder connections, bracing connections and beam-column connections. Beam-
column connections were chosen . because they offer sufficient complexity for the KBS 
to identify pote~tial problems and suggest remedies. The beam-girder connections 
7 
were excluded for the pilot-prototype because they are standardized connections 
which usually are simple shear connections. The bracing connections were excluded 
for the pilot-prototype because they depend on what type of beam-column 
connections are present as well as the architectural considerations. Both of these 
connections types, however, should be included in more robust versions of DFI. 
A second way to limit the scope is to define the types of connection compo-
nents and fasteners that may be used for the beam-column connections. This elimi-
nates unconventional connections. However, the KBS must also permit the user to 
input unusual, perhaps undesirable, yet possible connections in order that the KBS 
can explain to the user that there is an undesirable connection. This method requires 
that the implementation team determines what configurations may be specified for cri-
tique and which ones may not.* There are basically two extremes to this approach. 
One extreme denies the user specification of unusual and undesirable connections, 
and the other extreme permits the user to specify any connection and lets the KBS 
evaluate and explain the problems with the connection. Neither extreme is practical 
because it requires either a smart user-interface that has all feasible connections pre-
determined or a large knowledge base that is able to evaluate any and all conceivable 
connection configurations. Hence the approach taken in DFI is a compromise 
between limiting connections that _ar~ impossible and permitting connections that are 
,_.,.,___. 
possible but undesirable. 
A third way to limit the scope is to specify the stage of the design-construc-
tion process at which the connection design will be evaluated. At the early design 
stages, the designer will know the general appearance of the building, such as the 
number of stories, the type of construction, and the size of bays. Later on during the 
* This must be clearly documented in DFI reference material, also see Appendix A. 
8 
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preliminary design, he will know information such as the types of typical connections 
to be used and the member sizes required. , After the structural drawings are bid on 
by the fabricators and the contract is awarded, it is more expensive to make changes 
in the design because the fabricator will change orders for steel and pass the cost on 
to the owner of the project. Therefore, it is desirable to critique the design from the 
perspective of the fabricator before the drawings are sent out for bid. The types of 
limitations on the scope of domain knowledge that can be made, considering that the 
design is still preliminary, are that certain details of the connection such as dimen-
sions of connection components and sizes of bolts or welds are not known yet. Only 
the presence of the connection components and the time of their installation can be 
considered. 
The fourth way to limit the scope is to consider the types of connections that 
are most commonly used and eliminate unusual configurations such as skewed, 
sloped, and canted connections. The rationale behind this approach is that the geo-
metrical representation and reasoning about such connections is not considered 
appropriate for the initial DFI proof-of-concept study (it does offer an interesting 
study in geometric reasoning, however). Regardless, more complex connections, 
such as the types mentioned above, are also detailed completely by the design engi-
neer to receive more uniform bids by the fabricators. Therefore, these connection 
types are not included within the scope of the DFI pilot-prototype. 
3.1.2 Definition of System Features 
ii 
The definition of system features depends both on the scope of domain knowl-
edge as well as on the desirable characteristics of the user interface. Because of the 
interdependency between the processes of specifying the system features and the 
9 
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scope of domain knowledge for the pilot-prototype, these two occur simultaneously 
with the involvement of both the knowledge engineer, who is responsible for capturing 
domain knowledge, and the programmer who is responsible for its codification. 
The decision for which system features must be present and which ones are 
desirable, but non-essential, is based on the level of expertise of the intended user 
and the complexity of the knowledge being represented. The two basic components of 
the evaluation of a particular feature of the system are the effort needed to implement 
it and the potential benefit to the user. The decision about the system features is 
made in conjunction with the other members of the development team with considera-
tion of the domain experts' opinions. It is a somewhat subjective process which 
depends on the individual team members perception of how best to design a user-
interface [Rolston 88], [Buchanan and Shortliffe 84]. 
There are also other influences on the implementation of the system features 
such as the software and hardware being used. Some of the issues involved in the 
selection of the software packages are the ease of use and integration with other soft-
ware. PROLOG (the logic programming language chosen for DFI development) was 
used to write the program control for the KBS and the knowledge-base. With regard 
to hardware, the speed and memory capacity are important since the KBS should give 
its advice quickly to the user. It is useless to develop a system that hinders the 
progress of the user, if the evaluation of a connection takes a long, time. If these 
issues are not considered prior to selection and implementation of the system, it may 
impose unnecessary limitations on the features or even make it impossible to include 
some of the features in the KBSo The underlying idea is to preserve the usefulness of 
the knowledge as the KBS is upgraded and expanded. 
For DFI a variety of features were used for the pilot-prototype. One of these 
features was that the structural data was entered through data files, which were 
10 
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organized like beam and column schedules in order to minimize the time the user 
would have to be at the terminal. Another feature was the use of explanation and 
suggestion facilities to assist the user in identifying potential problems with the con-
nections and the possible alternatives for correction. Finally, there was a graphics 
facility providing displays such as the floor plans of the building, details of the connec-
tions and the hierarchy of the rules which applied to the specified connection. These 
features are illustrated in the Case Studies of Appendix C. 
Although not all of these features were identified as vital during the initial 
planning stages, it became apparent during the implementation, testing and use of the 
\ ' 
system that was a need to improve the system effectiveness by showing the user 
what information he provided and how conclusions were arrived at by the KBS. The 
selection of the system features and the determination of the scope of the domain 
knowledge is conducted in cooperation with the industry experts because they 
understand what is needed to remove some of the current communication problems 
between the designer and the fabricator. 
3.1.3 Preliminary Consultations with Experts 
The objective of the preliminary consultation with the experts is to identify the 
possible areas where there are mismatches in the desires of the engineer and the 
capabilities/experience of a fabricator. When the first meeting took place with a group 
of practicing professionals (the DFI industry advisory group), they recommended that 
DFI should identify the common or obvious problems which can be inferred from the 
beam and column schedules [Werkman 88]. There were also suggestions made by 
the advisory group to classify, describe, andbrganize types of connections and deter-
mine the data required for detecting problems. 
11 
The first step in determining some of the common problems was to meet with 
a fabricator, Mr. Edward Becker, and a designer, Mr. Ira Hooper who were both from 
the industry advisory group. First, the fabricator had prepared a list of possible prob-
lems [Becker 88a] in the design-construction process which included steel members 
of incompatible size being framed together, floor bracing being proposed that causes 
total floor thickness to exceed specifications, coping of flanges for connections result-
ing in inadequate shear strength or instabilities, and using AISC specifications inap-
propriately for dete11nining the shear strength of a built up member with "thick" 
plates. Possible problems also included improper assumptions with regard to transfer 
of force to beams and columns from wind bracing, disregard for mixed construction of 
steel and concrete for the core of a building, and neglecting the use of seat angles for 
safety during erection. The DFI team had also prepared a list of questions covering a 
variety of topics such as information supplied to the fabricator by the design engineer, 
fabrication shop constraints and capabilities, preferred fabrication procedures, feed-
back from the fabricator to the designer and design mistakes. Based on the initial 
consultations, the fabricator implied that the responses to the other topics would vary 
widely across industry, only general (common) fabrication capabilities would be 
included within the scope of DFI; fabricator specific knowledge would only be repre-
sented in a customized version of DFI because every fabrication shop has different 
constraints, preferred methods and setups of equipment. 
The information gathered on industry practice and common problems was used 
for consultations with the designer [Hooper 88]. The team organized the common 
problems identified by the fabricator into three categories: geometrical fit-up, insuffi-
cient strength, and serviceability. The team also tried to identify, through a list of 
questions, what role the designer expected the fabricator to fill with regard to review-
ing specifications and providing feedback. The designer was able to show some more 
12 
problems, but these were either variations on the same problems as shown by the 
fabricator, or designs that were based on incorrect structural analysis. A major contri-
bution of the designer was his ability to describe what mechanisms, such as specifica-
tions (including drawings) and pre-bid meetings with the prospective fabricators, that 
information is passed between the fabricator and the designer. 
From the meetings with both experts, it was concluded that the DFI system 
should evaluate design drawings from the perspective of the fabricator before they 
were sent out for bid. If the designer made an unnecessarily complex design, the 
price of the project would be higher than needed for the owner, and if the designer 
n1ade an undesirable design from the perspective of the fabricator, the shop drawings 
would contain more expensive connections than were expected or needed. Therefore, 
it is in the interest of the designer that he be made aware of problems with his design, 
before the bidding stage of the design-co11struction process occurs. 
The preliminary consultations with both experts also confirmed the need to 
reduce the scope of domain knowledge. Attempting to contain all possible problems 
within the KBS would have been too large a task to accomplish within the time 
allowed for developing the pilot-prototype of DFI and would also be beyond the goal 
.. J. 
of the pilot-prototype of demonstrating the mode of operation and the system fea-
tures.. The initial meetings with the experts were requisite for a productive knowl-
edge acquisition phase and for having the proper perspective on the complexity of 
knowledge needed. 
13 
3.2 Knowledge Acquisition 
The knowledge acquisition process involves the gathering of knowledge by a 
literature search on the domain and consultation with experts. This process is 
extended over the full length of the project and the level of its complexity is related to 
the experience of the knowledge engineer in the domain. If the knowledge engineer 
has little understanding of the domain knowledge, then the process of knowledge 
acquisition will include learning the terminology and the broad concepts involved in 
the interaction between the designer and the fabricator. However, if the knowledge 
engineer is versed in tt1e domain, the knowledge acquisition can immediately concen-
trate on detailed concepts. 
At the beginning of the knowledge acquisition meetings, the objective was to 
understand what µie experts thought and how they comprehended the potential prob-
lems. The next objective was to ask the experts questions on slight variations of the 
general problems they had identified to decide what aspects of a particular connection 
were vital to the problem and also to identify possible exceptions to the problem. As 
soon as the key aspects of the problem had been identified, then the discussion could 
include suitable alternatives to alleviate the problem. This took place in the prelimi-
• 
nary meetings to achieve the primary objective of defining the scope but also to use 
some of this knowledge during the implementation of the pilot-prototype version of 
DFI. 
The next step in the knowledge acquisition phase involved collecting addition-
al information about current practice and what is needed by industry. A "Proposed 
Usage Document" [Glysing-Jensen and Wilson 88b] was developed to define the pur-
pose of DFI, suitability of application area, operational sequences and user require-
ments. This paper was written for the dual purpose of providing a description of the 
14 
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project goals and how DFI would be used. This document was distributed to the 
industry experts for their constructive review. Later on an outline, the "Proposed 
Plan for the Designer-Fabricator Interpreter (DFI)" [Glysing-Jensen 88], was writ-
ten which described the objective, the mode of operation and the technical scope in 
greater detail of DFI than what had been presented in the "Proposed Usage Docu-
ment." 
The knowledge acquisition process was limited by the amount of knowledge 
available in the literature, e.g. "Engineering for Steel Construction" [AISC 84]. The 
experts were able to supplement this reference with the types of problems to be 
included in the pilot-prototype such as checking for obvious problems or inconsisten-
cies with the beam and column schedules before the beam-column ·connections a.re 
specified by the user. Next, a more sophisticated knowledge base was de.veloped to 
check the viability of the proposed connection configurations. Heuristics to check the 
connection's capacity to carry shear and/or moment were developed [AISC 84]. Oth-
er methods were developed to check if the types of connection components such as 
angles, tees and plates were appropriate for the rigidity of the connection specified 
and also if it was feasible to erect the proposed connection. The knowledge gathered 
was based on fundamental principles of how connections are assembled and transmit 
loads [AISC 84], [Becker 88b]. 
A thin slice of knowledge was chosen to demonstrate that the KBS could rea-
son about the connection using a specific set of rules. Acquiring knowledge from the 
Q' 
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experts requires that the meetings are organized and effective in learning the experts' 
processes of problem solving and learning the essence of the domain knowledge. For-
malizing the rules is a formidable task because the reasoning process that a person 
employs must be divided into incremental steps (granulated) and organized so that it 
can be understood and be built upon by others. If the reasoning process is not suffi-
15 
,,. 
I 
ciently well-granulated then it will difficult for the user to follow the reasoning pro-
.. 
cess that is represented within the KBS. 
3.3 Knowledge Formalization 
The objective of knowledge formalization is to group and organize the chunks 
(small pieces) of knowledge into a comprehensible format and which can also be used 
to represent the knowledge in the KBS [Che11 88]. The method by which the knowl-
edge is formalized should also conform to the way the knowledge is going to be repre-
sented. Therefore it is essential to plan the knowledge formalization and representa-
tion schemes to correspond so that the knowledge will have not have to be reformat-
ted for the KBS. 
The format chosen for organizing the knowledge for DFI was hierarchical, 
which means that the knowledge base consists of rules which are organized to even-
tually support one rule, the one at the highest level in the hierarchy. This rule, in the 
hierarchy for DFI, was to ascertain if the beam-column connection was impractical by 
way of other rules that supported this fact with more detail, Fig. 3.1 [Barone 88]. 
Traversing the hierarchy to the lowest level (leaf nodes), th.e rules are based on 
manipulating, comparing and evaluating information that originated in the beam and 
column schedules and/or from the user's (designer's) description of the beam-column 
connection. There was some degree of networking in the hierarchy because some of 
the more detailed rules were used to support more than one rule above. This 
"network" avoids identical rules appearing in different branches of the hierarchy. 
The process of organizing the knowledge base consisted of developing and 
16 
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representing the intermediate steps in the expert's reasoning process between the 
general and the detailed rules. It was necessary to clarify the reasoning process from 
the lowest rules that use the data represented within the KBS to the highest rule in 
the hierarchy showing that the connection is impractical. If a very general conclusion 
was directly based on many pieces of data, then the conclusion reached could not be 
easily understood by the user. The conclusion reached would also be a based on the 
or-condition 
• Root node (highest level - most general rule) 
0 Intermediate nodes 
Leaf nodes (lowest level - most detailed rules) 
Figure 3.1 - Rule Hierarchy 
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comparison of parameters for the connection, similar to following a checklist. When 
the reasoning process was represented in hierarchical form, it permitted a display of 
how DFI reached its conclusion because the KBS stores the rules which were ascer-
tained (this is also known as a rule trace), see the Case Studies in Appendix C. 
As the arrangement of the rule hierarchy is developed by the implementation 
team, its structure becomes more organized. That is, some of the conditions within a 
rule can be grouped under topics and hence another intermediate step (or set of rules) 
is introduced in the hierarchy. An example of this is if a rule tries to ascertain the 
impracticality of assembly. There may be several situations where this could be pos-
sible, but most or all of the situations (sets of conditions) can be categorized under 
two other rules; that assembly is impractical either during fabrication or during erec-
tion. Then under each of these rules, the sets of conditions can be grouped into other 
categories related to fabrication and erection. The grouping of the conditions is 
repeated until tl1e knowledge engineer is satisfied that the knowledge base is orga-
nized in a logical order with as many levels as possible in the hierarchy. For further 
illustration of the rule hierarchy, see Fig. 3.1 and Appendix B. 
Along with formalization of the knowledge, some of the issues to consider, 
include how the rules will be explained and how the KBS will suggest alternatives for 
undesirable connection configurations. It is wise to document the explanations and 
suggestions for alternatives as the rule hierarchy is constructed so that the explana-
tions and the suggestions may be easily incorporated into the KBS. 
"· 
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3.4 Knowledge Representation 
The knowledge representation is the set of rules, as defined by the knowledge 
formalization process, that relate the data from the beam, column, and framing sched-
ules to the user specified info11nation within the KBS. The knowledge is represented 
in the KBS so the truth of each of the rules in the hierarchy can be ascertained within 
the context of the specified connection configuration. 
The KBS can act as a surrogate consultant (standby advisor) since the expert 
fabricator need not be personally available in order to evaluate a design from his per-
spective. Along with an evaluation of the design, the KBS must also provide the 
explanations and suggest alternatives for the undesirable connection configurations. 
The expert will ordinarily provide these to the designer but if he is unable to follow 
and verify the reasoning the process of the KBS, he will certainly doubt the integrity 
of the system. 
An essential task is to represent the knowledge within the KBS in a form that 
is comparable to how the knowledge is formalized. For DFI, the scheme for develop-
ing rules was to deter111ine undesirable characteristics of a connection configuration. 
It was the intention to only critique the design on the negative aspects, and not try to 
evaluate the positive aspects of the design. In order for the system to reach a conclu-
sion, it checks all the conditions of the rule hierarchy and stores the conditions and 
rules that form a, continuous path in the hierarchy indicating the particular aspect of an 
undesirable connection configuration. At this stage, the reasoning process by the 
KBS would be complete with an internal representation in the KBS of the conclusions 
reached and the parts of the rule hierarchy that supported them. The part of the rule 
hierarchy that supported these conclusions was not limited to the one branch of the 
hierarchy connecting the highest rule to one leaf node. The KBS could store more 
,. " 
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than one undesirable aspect of a connection, such that the KBS could conclude for 
I 
example that a specified connection had inconsistent data and that the connection 
was impractical to assemble. These are both conclusions that lead to the general con-
clusion that the beam-column connection is impractical but the bases for the general 
conclusion are not alike. For further illustration of this, see Figs. C.1 and C.2 on 
pages 83-84. 
Another important aspect of the KBS regards the explanation facility for how 
the general conclusion is reached. The "simplest" explanatior1 is a listing of the 
names of all rules that supported the general conclusion. This, however, would force 
a user to know what each rule tested for and what it meant - either by looking at the 
compiled PROLOG code or the rules in their original format. This method is undesir-
able, because the user should not have to understand the program code of the KBS. 
An· alternative is to have the KBS offer "understandable" explanations to the user. 
One approach is to develop an "intelligent" explanation facility that contains another 
set of rules that acts upon the conclusions reached by DFI and then explains what the 
problem is with the connection, Fig. 3.2. Another, and more direct approach, which 
was adopted for DFI, is to attach explanations of the problems to each of the rules 
and its conditions so that when the rule is ascertained, due to one or more conditions, 
" 
the appropriate explanation of the undesirable condition is already available, Fig. 3.3. 
The user can access these explanations by starting at the general rule and iteratively 
browsing through the hierarchy to get a more detailed explanation of the problems 
until he reaches the most detailed level of the hierarchy, where the rules are based on 
the comparison of data from the user's input and the beam and column schedules. 
This approach was chosen to make the explanation facility more useful without a sig-
nificant increase in the level of sophistication of the explanations. 
In addition to the explanation f~cility, a suggestion facility was also introduced 
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KB - Knowledge Base 
Figure 3.2 - Intelligent Explanation Facility 
Data KB 
KB - Knowledge Base 
Figure 383 - Direct Explanation Facility 
into the KBS so that it would be possible to make alternatives available to the user 
for how to possibly correct the problems with the specified connection. This facility 
was built on the same concept as the explanation facility by having the suggested 
alternatives attached to a particular rule or condition. Depending on the level of the 
rule in the hierarchy, the suggestion to improve an undesirable condition would be 
comparable. The concept of using an "intelligent" suggestion facility was not intro-
duced for the pilot-prototype, because it is difficult, if not impossible, to develop gen-
eralized rules for problem solving and deciding which alternatives are the most suit-
able. 
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It must also be noted that the suggestions offered were not meant to be a com-
prehensive list of alternatives, the user would always have the prerogative of chang-
ing or ignoring the offered alternatives. The reason is the connection configuration 
decided upon could depend on other parameters and limitations irrelevant to the per-
spective of the fabricator, such as not using stiffened seat angles because they may 
interfere with the architectural space. The representation of the knowledge, including 
the explanations and suggestions, should be kept simple so that the modifications 
and revisions of the knowledge base can be easily made. 
3.5 Knowledge Verification 
This stage is necessary to verify the knowledge acquired, formalized, and rep-
resented within the KBS is "correct." The notion of what is correct in reality and what 
the expert perceives to be correct can be very different, but the expert's opinion is the 
available standard [Buchanan and Shortliffe 84]. Verifying the pilot-prototype also 
includes checking that the KBS interprets the rules in the knowledge base correctly 
[Buchanan and Shortliffe 84]. 
The approach for DFI to verify the knowledge base was to use systematic 
checking [Buchanan and Shortliffe 84]. The method used was to specify connection 
configurations that were undesirable and to check if the correct rules were ascertained 
to be true and if the explanations and the suggestions were as expected. In the early 
stages of verification, most of the inconsistencies were due to the system not inter-
preting the rules as intended due to errors in the syntax or the lowest levels of pro-
gramming in the compilers. However,®during the later stages of verification, most of 
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the inconsistencies such as conflicting,, and/or redundant conclusions were due to 
improper rules in the knowledge base such as not checking the correct or all of the 
necessary conditions. The debugging and correcting of DFI was also documented 
using tables summarizing the user input and the system conclusions to check that the 
mismatches between the performance of the system and the expectations of the 
implementation team were eliminated and also to detect if there were patterns in the 
incorrect performance of the system. 
The vast majority of the task of making the system meet expectations was 
done by the implementation team. This was because of the time limitations of the 
experts to be available to check every rule in the system [Buchanan and Shortliff e 
84]. The experts were consulted to verify that the system met their expectations and 
the needs of industry. There was approval by the experts for the rules implemented 
for the pilot-prototype and the use of graphics to verify that the user had specified the 
connection that he intended. 
Verification includes checking the completeness and consistency of the KBS. 
One of the considerations in verifying the system is that the standard used is the 
expert. As more experts are included in the process, it is likely that there will be 
more disagreement among them as to what is correct [Buchanan and Shortliffe 84]. 
,, 
Therefore it is better to use a small panel of experts for the verification of the pilot-
prototype. Another consideration is that experts chosen for verifying the system 
may be biased against the use of KBS in the design-construction process, which may 
make it necessary to make a blind study of the performance of the system. The 
experts in a blind study would not be aware of which conclusions, explanations, and 
suggestions are from the KBS and which are from other experts [Buchanan and Short-
liffe 84]. 
( 
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4 Guidelines for Knowledge Acquisition 
The development of guidelines for the knowledge acquisition process is impor-
tant for the advancement of Knowledge Based Systems. Very few guidelines exist 
for the development of the KBS [Wong and Wilson 89b]. The guideli11es for the 
knowledge acquisition process are developed because this process is essential to the 
rest of the knowledge engineering process [Rolston 88]. 
To determine what is appropriate knowledge, the knowledge engineer must 
consult with experts in the field (domain) that the KBS will cover. The experts cho-
sen may have backgrounds from industry, education, or professional organizations 
depending on who the knowledge engineer deems to be most effective and/or avail-
able source of knowledge. During the initial consultations with the selected experts, 
the goal of the knowledge engineer is to detern1ine the types of problems the KBS will 
focus on by identifying the needs and the gaps in industry practice. This can be 
accomplished, in part, by constructing scenarios of how the proposed system could be 
used in practice. 
After the meetings with the experts, when the knowledge engineer thinks he 
has an understanding of the general problems and the needs of industry, he should 
prepare a preliminary description (usage document) of the of the KBS which will con-
fmn the objectives of developing the system and the types of problems and domain 
knowledge that the knowledge base will include. In addition, the description should 
present other topics such as present and proposed practice of the industry and the 
operational features of the KBS. These topics should be included so that experts can 
confirm the central ideas underlying the development of the KBS. The description can 
also provide a vehicle for focusing ideas which help develop the knowledge base 
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[Glysing-Jensen and Wilson 88b]. 
After the description of the system has been reviewed and a consensus is 
formed, then the knowledge acquisition can proceed. It may, however, already have 
started during the meetings with the experts when some of the problem areas were 
identified and discussed in the context of specific examples. 
A variety of approaches may be used for knowledge acquisition. First, it is 
suggested that the implementation team prepares an outline of topics to discuss with 
the experts. These topics include: terminology; current practice; key issues in deci-
sion-making, the sequence and amount of interaction with other participants in the 
design-construction process that the KBS is trying to improve. Another approach is 
for the expert to present examples of undesirable situations and to define the con-
cerns and considerations of the expert along with tl1e methods for deterrr1ining poten-
tial problems. With either method, follow-up questions are needed to ascertain that 
the knowledge base being constructed by the implementation team is consistent with 
the knowledge being relayed by the experts. This can be accomplished by suggesting 
situations that appear similar to the ones presented by the experts and detennini11g if 
the same set of key problems still exist. The knowledge engineer may also suggest 
modified situations that appear to correct the problems. The fundamental objective is 
• 
to deter1nine the aspects of a diagnostic situation that the expert analyzes to deter-
mine undesirable characteristics needing remedial or corrective action. These f ea-
tures become the basis for what information must be contained in the KBS in order to 
correctly deduce potential problems. 
Between the meetings with the experts, the knowledge engineer will attempt 
to close the gaps in his understanding of the knowledge by using other sources which 
may include literature or even other experts. The knowledge engineer must realize 
that the project's experts may not always be available to answer all questions 
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because they often have full-time professional commitments. In trying to understand 
the domain knowledge better, the knowledge engineer may also find that his descrip-
tion of the intended use of system is overly optimistic or otherwise inadequate 
because key development problems were ignored or underestimated. It is important 
to recognize the iterative nature of the process between the selection of the domain 
knowledge and the phase of knowledge acquisition in attaining the goals of the sys-
.. 
tern. 
When the experts review the system, they may also find additional gaps in the 
reasoning process presented by the KBS. This may be due to inadequate explana-
tions of fundamental problems by the experts [Rolston 88] or the result of the knowl-
edge engineer not completely understanding them. In either case, the first attempt at 
building the knowledge base becomes the vehicle for transferring more knowledge 
from the expert to the knowledge engineer and the knowledge base.* This process is 
also known as "knowledge mining (acquisition) thro11gh irritation" [Maher et. al. 84]. 
The knowledge engineer should be open to suggestions and modifications for 
the KBS during the knowledge acquisition phase. It is important, however, that the 
course of knowledge acquisition stay consistent with, and focused on, achieving the 
overall KBS objectives while not deviating into a morass of tangents as each new sit-
uation or illustrative example is encountered. 
The guidelines for knowledge acquisition are summarized below in the order 
they have been described : 
• Knowledge should be verified as quickly as possible during knowledge 
acquisition. 
• Selecting the appropriate domain knowledge must be done in consultation 
with the experts. 
* The development of a 'front end' program whereby the expert can enter knowledge directly into 
the KBS is a current research effort of the A TLSS center. 
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• Knowledge can be relatively easily acquired from the experts using exam-
ples and illustrations. 
• Develop a thin slice of knowledge (bounded yet representative) in the first 
version of the KBS. 
• A usage document (a set of preliminary specifications) should be developed 
that includes a description of current and proposed practice in the industry, 
and the goals and methods the KBS will use to facilitate a change in prac-
tice. 
• Consultations with experts should be carefully planned with an outline of 
relevant topics to be discussed with the experts. (Questionnaires may also 
be used, if it is not feasible to meet personally with the experts.) 
• Representative questions to ask experts are : 
• Which types of design (activities in the upstream process) have the 
most problems ? Why ? 
• What limitations are there on the procedures and equipment used in 
the fabrication (downstream) process ? 
• What information does the fabricator receive from the designer ? 
• What kinds of early feedback would the designer like to receive from 
the fabricator ? 
• What bottlenecks exist in communication between the designer and 
the fabricator ? 
• Why do these bottlenecks exist ? 
• How could a KBS contribute to a better integration of the design and 
fabrication processes ? 
• The knowledge engineer should attempt to learn and verify the underlying 
concepts that the experts present in the consultations through a discussion 
of additional (but similar) examples and illustration in the consultations. 
• The knowledge acquisition from the experts should be supplemented by a 
literature search to close gaps in understanding the domain knowledge. 
• Knowledge verification can lead to further knowledge acquisition, if the 
expert finds that some of the knowledge represented in the knowledge base 
is defined unclearly or incorrectly. 
This set of guidelines is not intended to be a complete list. Rather it is suggestive of 
the kinds of considerations that should be addressed during the knowledge acquisi-
tion process. The guidelines presented above can be u~ed to more effectively gather 
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knowledge for more robust versions of DFI or for new KBS addressing other perspec-
tives within the design-construction process. 
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5 Conclusions 
The development of the pilot-prototype of DFI requires comprehension of the 
knowledge that is exchanged between the designer and the fabricator, and understan-
ding the knowledge engineering process. The lessons learned in the development of 
the DFI pilot-prototype has lead to the for111ation of gt1idelines which can be used for 
expanding the system or for the development of new systems. 
DFI is a pilot-prototype knowledge-based system which has been implement-
ed to expedite the transfer of knowledge between the designer and the fabricator. 
DFI utilizes beam, column, and framing schedules and an interactive user (designer) 
session (including graphical displays of floor plans and elevation views) for specifying 
a connection and its components. The data gathered by the system is used by the 
DFI knowledge base for evaluating the possible impracticality of the connection from 
the perspective of the fabricator. The evaluation of the connection is explained to the 
user by showing graphically the rule hierarchy that leads to the conclusion that the 
connection is impractical. Simultaneously, menus with both general and detailed 
explanations and suggestions are shown for the rules that apply to the specified con-
nection. 
The role of the author, who acted primarily as the knowledge engineer, was to 
coordinate and to mediate the knowledge transfer from the experts to the KBS. The 
coordinating role included planning and reviewing the goals and objectives of the pilot-
prototype so that they conformed with the domain knowledge that was collected by 
the author, and with the system features that were developed by the implementation 
team. The mediating role included consulting with the experts and formalizing the 
acquired knowledge. The author's role as a mediator was also necessary because 
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the computer programmer, responsible for codification of the KBS, was not familiar 
with the domain knowledge and the experts were not (nor should they be) familiar 
with the programming techniques. The research reported herein is a result of the 
acquisition and forrnalization of knowledge for DFI. 
This author's research was central to the development (including planning, 
knowledge engineering, implementation, and verification) of the pilot-prototype of 
DFI which is serving as a platform for the continued development of a more robust 
knowledge-based system. The author's efforts associated with the development of 
the pilot-prototype version have included the forrnalization of the knowledge base, 
the selection of the internal data representation in the KBS, the selection and verifica-
tion of the system features, and the verification of overall system performance. This 
research has suggested guidelines for knowledge acquisition, so that knowledge can 
be gathered more effectively for future knowledge-based systems such as more 
robust versions of DFI or new KBS addressing other perspectives within the design-
construction process. 
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6 Extensions 
After the completion of the pilot-prototype, there are many aspects of the sys-
tem that can be improved for the prototype version of DFI. These are the result of the 
experiences of the implementation team and the consultations with the domain 
experts. The modifications that can be made for DFI generally fall into two cate-
gories: improving the knowledge base and improving the features of the system itself. 
There are a variety of ways that the knowledge base may be improved to 
make it more complete and correct in representing the domain knowledge. One way 
is to increase the depth of the knowledge base. This is accomplished either by mak-
ing the evaluation more specific by including more detailed data in the analysis such 
as the dimensions of beams, columns, detail material, bolts and welds or by making 
the evaluation more general considering the building as whole set connections and 
components. The other way is to increase the breadth of the knowledge base by con-
sidering issues other than erectability and rigidity of connections for beam-column 
connections in buildings. This may include consideration of other connections such as 
column splices, beam-girder connections and wind-bracing connections or it may 
include checking if the connections and the structure as a whole meet design require-
ments, safety considerations and serviceability concerns. An even longer term con-
sideration would be to include perspectives of other parties in the design-construction 
process in the evaluation of the a design. 
The performance of the KBS can also be improved by adding or modifying sys-
tem features. One set of features that could be added is the use of intelligent expla-
nation and/or suggestion facilities, see Section 3.4. These facilities will be important 
as truth maintenance systems (TMS) if there are multiple perspectives being consid-
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ered and these lead to conflicting conclusions. Another set of system features could 
utilize existing software for data transfer such as integrating DFI with computer aid-
ed design and drafting (CADD) software packages. This would alleviate the burden 
on the intended user (designer) to describe the connections ma11ually and using the 
beam and column schedules. This would also resolve the problem of having the KBS 
generating graphical displays of the designed connections. 
The development and implementation of the pilot-prototype of DFI is a first 
step in generating comprehensive knowledge-based systems toward the goal of com-
puter-integrated design and construction processes. 
/ 
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[AISC 84] 
[Barone 88] 
[Becker 88a] 
[Becker 88b] 
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Appendix A 
The following appendix describes briefly the data that are entered into the sys-
tem by using beam, column, and framing schedules, and the AISC database. It also 
describes the interaction between the user and the KBS during the process of describ-
ing the connection and during the review of the KBS evaluation. The evaluation by 
the KBS gives conclusions with both general and detailed explanations and sugges-
• t1ons. 
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Description of data input: 
Data is made available to the KBS through: 
• column schedt1les. 
• beam schedules. 
• framing schedules. 
• AISC database. 
• The user's description of the connection. 
The column schedule contains: 
• column id. 
• base plate dimensions. 
· • column member sizes (AISC shape). 
• yield strength of steel (Fy) 
• column splice elevations above datum. 
• load (kips) at each floor elevation. 
• elevation of each floor above datum. 
The beam schedule contains. 
• beam id. 
• floor id. 
• beam member sizes (AISC shape). 
• yield strength of steel (Fy). 
• camber of beam. 
• end shear reactions. 
• studs for composite construction. 
• stud spacing. 
• end moments. 
• axial force (thrust) 
Framing schedule contains: 
beam-column attachment points identified by: 
• column id. 
• floor id. 
• attachment direction to column (local coordinates) 
• beam id. 
• end of beam attached (left and right end based on local sign convention) 
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AISC database contains: 
• shape dimensions and sectional properties. 
User's description of connection: 
• selection of floor level of the connection. 
• window with graphical display of floor plan. 
• selection of column on which the connection is. 
• selection of which beam on the column at the specified floor level. 
• window with graphical display of elevation view of beam and column. 
(this window is updated as more description of the connection is gathered). 
• description of rigidity of connection. 
• selection of type of beam-column connection: 
1. endplate connection. 
2. connection with separate detail material for the flanges and the web of the 
beam. 
• selection of detail material (angles, plates, tees, nothing*, or unknown*). 
• selection of fastener method for each detail material specified (bolting, 
welding, or unknown). 
• selection of where fastener is perlormed (shop, field, or unknown). 
* "nothing" describes that the connection has no component, or fastener depending on the content of 
the menu it appears in. 
"unknown" leaves this particular component, fastener, or fastener location of the connection unspeci-
fied. 
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Valid user descriptions for each connection type: 
1. endplate connection: 
• valid connection component: 
plate (default). 
• valid attachment method to: 
column: bolting welding 
plate X* X 
beam: 
plate n/a* X 
unknown 
X 
X 
• valid location for performing attachment: 
shop. 
field. 
unknown. 
2. flange and web connection: 
• valid connection components: 
beam flanges: 
angle. 
plate (long or short). 
tee. 
nothing. 
unknown. 
beam web: 
angle (single or double). 
plate. 
tee. 
nothing. 
unknown. 
* "n/a" refers to that this option is not made available during input because it has already been deter-
mined to be an impossible option. 
"X" denotes that this option is available during input. 
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• valid attachment method to: 
column: bolting welding unknown 
angle X X X 
plate n/a X X 
tee X X X 
nothing n/a n/a n/a 
unknown n/a n/a n/a 
beam: bolting welding unknown 
angle X X X 
plate X X X 
tee X X X 
nothing n/a n/a n/a 
unknown n/a n/a n/a 
• valid location for performing attachment: 
shop. 
field. 
unknown. 
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Description of Evaluation: 
Schedule checks: 
When a new building description (set of column, beam, and framing schedules) 
is loaded into the KBS the column and beam schedules are checked for correctness 
and consistency. The checks included are as follows: 
Column schedule checks: 
• number of column members in each full length column consistent with number 
of splice elevations. 
• number of column loads specified for each full length column is consistent 
with number of floor elevations. 
• yield strength specified for column is within what is considered normal for 
column members. 
• standard column sections are used. 
• column cross-sections are larger than the one immediately above. 
• splice location is desirable compared with location nearest floor elevation 
below. 
• column members being spliced are of similar depth. 
• top of full length of column is consistent with highest floor elevation (roof). 
• column member length is not too long for transportation. 
Beam schedule checks: 
• yield strength specified for beam is within what is usually produced by steel 
mills. 
• shear reactions at ends of beam are not abnormally low. 
Connection Evaluation: 
Once the user has described a connection, it can then be evaluated using the 
knowledge base. The evaluation offers the following: 
• a window with a graphical display of rule tree as it applies to the specified 
connection. 
• a window with a menu driven explanation and suggestion facility that allows 
the user to access the following for each rule in the hierarchy (if available): 
• short general conclusion 
• general explanation. 
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• general suggestion. 
• detailed explanation for each supporting condition. 
• detailed suggestion for each supporting condition. 
This appendix summarizes the data that is entered into the KBS from the 
beam, column, and framing schedules, from the AISC database, and from the user's 
description of the connection (includes what the user is permitted to specify for a giv-
en connection.) It also summarizes the KBS schedule checks of the column and beam 
schedule for correctness and consistency and what is displayed during the KBS evalu-
• 
at1ons. 
For a further description of the rules in the knowledge base, see Appendix B. 
For further description of the graphical displays during user input and the review of 
the KBS evaluation, see Appendix C. 
•. . 
,.,··· . . ) 
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Appendix B 
This appendix briefly describes the rules in the knowledge base that evaluate 
the user specified connection. It does not include the categories of rules that check 
the column schedule and beam schequle (these rules are discussed in Appendix A). 
An overview of the hierarchy of the higher level rules is presented along with a sam-
ple rule (fully annotated) as represented within the knowledge base. 
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Knowledge Base Hierarchy 
An overview of the three highest levels of rules in the complete knowledge 
base for evaluation of a user specified connection as shown in Fig. B .1. The highest 
rule in the hierarchy connection impractical is ascertained to be true if either one of 
the two supporting conditions (rules) below (inconsistent data or assembly impracti-
cal) is ascertained to be true. These rules are similarly true if one or more their sup-
porting conditions (rules) are true, and so forth. Each rule specified within the knowl.-
edge base has general explanations and suggestions attached and sets of specific 
explanations and suggestions for each supporting condition of the rule as the follow-
ing annotated rule will show. The rules that appear below are identified by their rule 
label . 
inconsistent 
restraint 
inconsistent 
data 
shear 
loading 
connection 
impractical 
inconsistent 
flange conn 
erection 
impractical 
assembly 
impractical 
fabrication 
impractical 
Figure B.1 - Overview of Knowledge Base Hierarchy. 
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Example of Rule Representation 
This an example of a rule, Fig. B.2, as represented within the rule hierarchy 
with both general and detailed explanations and suggestions. 
rule('not moment restrained', 'G 1.1.1.1 ', 
'if rule(' 'tf not moment effective'') 
or rule(' 'bf not moment effective'') 
then result(Connection is not restrained) 
' 
' 
explanation( 
'One or both of the flange connectors are not capable of 
resisting moment on the connection effectively. The web 
connection, if any, will carry only a fraction of the moment.', 
[ 
[condl, 
'The top flange connectors cannot transmit an axial 
force effectively.'], 
[cond2, 
'The bottom flange connectors cannot transmit an axial 
force effectively.'] 
] 
), 
suggestion( 
'It is suggested that both the top and bottom flanges be 
made effective in carrying moment to the column or to 
make this a simple or partially restrained connection.', 
[ 
] 
)). 
Figure B.2 - Rule Representation within the Knowledge Base. 
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The rule as represented within the knowledge base, Fig. B.2, is described 
below: 
• 'not moment restrained' : 
This is the rule label with which the truth of this rule will be associated. If the 
truth of this rule is not asserted during an evaluation of a connection then no 
evaluation menu will appear for this rule during the review of the KBS evalua-
tion. The rule label is usually an abbreviated description of the rule. 
• 'Gl.1.1.1': 
This is the node label which is attached so that the rule's level and location in 
the hierarchy may be easily identified. However, it has no effect on where the 
rule is actually located in hierarchy; this is only detern1ined by the rule label 
and the other rules that refer to it. It is possible for a rule to list n·1ultiple node 
labels since there is some degree of networking in the hierarchy. This is to 
avoid having multiple rules identifying the same sets of conditions. Each level 
of indexing refers to the rule hierarchy as shown in Fig. B.4 on page 54. 
• 'if rule('' tf not moment effective'') 
or rule('' bf not moment effective'') : 
This is the rule which tests the truth of the supporting conditions (in this case · 
other rule labels) 'tf not moment effective' and 'bf not moment effective.' If 
either condition (as implied by or) is true then truth will be associated with the 
rule label. The use of and is also permitted in the rule specifications. The use 
of fval and fva/3 (not shown here) may be needed for fetching a slot value in a 
particular frame of the internal data representation within the KBS. This slot 
value may compared with another value specified within the rule using equal, 
not equal, greater than, greater than or equal, less than, or less than or equal. 
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The following is an example of fval in a condition: 
fval (aWebAngle, angle count)= 2 
(aWebAngle, angle_count) are respectively the frame name and slot name from 
which the value is being fetched for comparing it with the value of '2' as speci-
fied within the condition. The following is an example of fva/3 in a condition: 
fva/3( aBeamWebConnection, aColumnFastener, performed_at)=shop 
( aBeamWebConnection, aColumnFastener, performed at) are respectively the 
frame name, the sub-frame name, and the slot name from which the value is 
being fetched for comparing it with the value of 'shop' as specified within the 
condition. 
• then result(Connection is not restrained) : 
This is the result phrase that will be listed at the top of the evaluation menu if 
the rule is found to be true. It is a brief description of what this rule covers. 
• explanation( 
'One or both of the flange connectors are not capable of 
resisting moment on the connection effectively. The web 
connection, if any, will carry only a fraction of the moment.' : 
This is the general explanation which is shown during the evaluation review 
\XJhen the rule has been asserted to be true. 
• [condl, 
'fhe top flange connectors cannot transmit an axial 
force effectively.' J : 
This is the detailed explanation which is associated with condl which is 
rule('' tf not moment effective''). If this condition is asserted to be true 
(therefore leading to the assertion that the rule is true) then this explanation 
will appear in evaluation menu as a detailed explanation. 
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• [cond2, 
'The bottom.flange connectors cannot transmit an axial 
force effectively.'] : ~ 
Similar to the above condition, this is the detailed explanation which is associ-
ated with cond2 which is rule('' bf not moment effective''). If this condition is 
asserted to be true (therefore leading to the assertion that the rule is true) 
then this explanation will appear in evaluation menu as a detailed explanation. 
• suggestion( 
'It is suggested that both the top and bottom flanges be 
made effective in carrying moment to the column or to 
make this a simple or partially restrained connection.', : 
This is the general suggestion which is shown during the evaluation review 
when the rule has been asserted to be true. 
•[ ]: 
This space is available for detailed suggestions for each condition in the rule. 
In this instance, no detailed suggestions are available because the rule is still 
too general to make recommendations. If one or more of the conditions are 
true and there is an entry here for a detailed suggestion then this will be avail-
able during the evaluation review. The user may consult the explanation 
menus below for further suggestions. 
.J 
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Representative Explanation Menu 
This explanation menu, Fig. B.3, as it appears in the review of the KBS evalu-
ation, is the result of the rule shown in Fig. B.2. For the connection evaluated, both of 
the supporting conditions (rules) were found to be true since detailed explanations 
appears for each one of the conditions. The entry for 'additional support rules' makes 
it possible for the user to get explanations for the supporting rules that were in the 
conditions. The result phrases in this menu are from each of these supporting rules. 
Preceding the explanation menu, the data from the schedules (building description) 
has been entered into the system, the user has described the connection and has 
entered the option of evaluating the connection. 
At the stage shown in Fig. B.3, the user can get additional explanation by 
selecting a supporting rule, or he may exit the menu to either get explanations from 
other sections of the rule hierarchy. He may also exit the explanation/suggestion 
facility completely. 
"' . ' 
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\ 
Connection is not restrained 
because: 
--------------------
One or both of the flange connectors are not capable of 
resisting moment on the connection effectively. The web 
connection, if any, will carry only a fraction of the moment. 
It is suggested that both the top and bottom flanges be 
ade effective in carrying moment to the column or to 
ake this a simple or partially restrained connection. 
1) The top flange connectors cannot transmit an axial 
force effectively. 
2) The bottom flange connectors cannot transmit an axial 
force effectively. 
-----------------------------------------------------------·-~-
~ake a selection from the menu: 
1) 1he top flange connector will not help resist moment effectively 
2) 1he bottom flange connector will not help resist. moment effectively 
3) Exit this menu (type 'e 1 or 'x ') 
" 
Enter selection ->..21 
Figure B .3 - Explanation menu. 
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.. 
Brief Description of the Know ledge Base 
The following is brief description of each rule label (indexed by node labels) 
within the knowledge base that evaluates a user specified connection. Generally, 
each description is the result phrase for each rule. A simplified overview of all the 
rules is presented in Fig. B.4 on page 54. (The numbering in Fig. B.4 of the nodes is 
read by using the nodal label and following the hierarchy down from the root node 
using the same sequence of numbers as in the node label.) 
G 1 connection impractical : 
Connection specification may have problems. 
G 1.1 inconsistent data : 
There are inconsistencies for the connection described. 
G 1.1.1 inconsistent restraint : 
Connection restraint specified is inconsistent with physical description. 
G 1.1.1.1 not moment restrained : 
Connection is not restrained to carry moment. 
G 1.1.1.1.1 tf not moment effective : 
The top flange detail will not help transmit moment effectively. 
G 1.1.1.1.2 bf not moment effective : 
The bottom flange detail will not help transmit moment effectively. 
Gl.1.1.2 moment restrained: 
Connection is restrained to carry moment. 
G 1.1.1.2.1 tf moment effective : 
The top flange detail is moment effective. 
G 1.1.1.2.2 bf moment effective : 
The bottom flange detail is moment effective. 
G 1.1.2 shear loading : 
Connection must carry shear but can not. 
G 1.1.2.1 not shear carrying : 
This is not a shear carrying connection. 
G 1.1.2.1.1 bf not shear effective : 
Bottom flange connection is weak in shear. 
G 1.1.2.1.2 bw not shear effective : 
Beam web connection is weak in shear. 
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G 1.1.3 incon flange connectors : 
The flange connections specified are inconsistent or non-standard. 
G 1.2 assembly impractical : 
The connection may be impractical to assemble as detailed. 
G 1.2.1 erection impr~ctical : 
Erection assembly may be impractical. 
G 1.2.1.1 pos impractical : 
Erection positioning is impractical. 
G 1.2.1.1.1 vert motion impractical : 
Vertical erection motion may be impractical. 
G 1.2.1.1.1.1 tf on column : 
Top flange detail material is shop connected to the column. 
Gl.2.1.1.1.2 bf on column: 
Bottom flange detail material is shop connected to the column. 
Gl.2.1.1.1.3 bwoncolumn: 
Beam web detail material is shop connected to the column. 
G 1.2.1.1.2 horiz motion impractical : 
Horizontal erection motion may be impractical. 
G 1.2.1.1.2.1 parallel motion impract : 
Along beam horizontal erectio11 motion is impossible. 
Gl.2.1.1.2.2 swing beam in impract: 
Swinging beam into position is difficult 
G 1.2.1.1.2.2.1 beam recessed in column : 
Beam end is recessed into colum11. 
G 1.2.1.1.2.2.1.1 detail matl in column : 
Beam end extends into column. 
G 1.2.1.1.2.2.2 bw on column : 
(Rule is used more than once by a higher rule, see G 1.2.1.1.1.3 ). 
G 1.2~ 1.2 fitup impractical : 
Erection fitup of connection is impossible 
G 1.2.1.2.1 beam recessed in column : 
(Rule is used more than once by a higher rule, see G 1.2.1.1.2.2.1 ). 
G 1.2.1.2.1.1 detail matl in column : 
(Rule is used more than once by a higher rule, see G 1.2.1.1.2.2.1.1 ). 
G 1.2.1.2.2 bf wider than column web : 
Beam flange can not fit into the column web. 
Gl.2.1.3 bolting impractical: 
Erection bolting may have potential problems. 
Gl.2.1.3.1 tolerances important: 
Erection tolerances are important. 
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' 
G 1.2.1.3.1.1 flange plate is long : 
Flange connector is a long plate. 
Gl.2.1.3.2 not recommended: 
Endplate connection is not recommended. 
G 1.2.1. 3.2.1 endplate difficult : 
Endplate erection is difficult. 
Gl.2.1.4 procedure impractical: 
Erection procedure is impractical since it uses field welding. 
G 1.2.1.4.1 tf field weld:-· · 
Top flange connector has field welding. 
G 1.2.1.4.2 bf field weld : \ 
Top flange connector has field welding. 
Gl.2.1.4.3 bw field weld: 
Beam web connector has field welding. 
G 1.2.1.4.4 endplate field weld : 
End plate fas ten er has field welding. 
Gl.2.1.5 assembly completed: 
Assembly is alrea.dy complete. 
G 1.2.1.5.1 tf assembled : 
Top flange connection is already assembled. 
G 1.2.1.5.2 bf assembled : 
Bottom flange connection is already assembled. 
Gl.2.1.5.3 bw assembled: 
Beam web connection is already assembled. 
Gl.2.1.5.4 ep assembled: 
Endplate connection is already assembled. 
G 1.2.2 fabrication impractical : 
Fabrication assembly is impractical. 
G 1.2.2.1 plate edge bolting : 
Impossible to bolt edge of plate. 
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* e.g. node label G 1.1.1.2 
** e.g. node label G 1.2.1.1.2.2 
Figure B.4 - Overview of all rules in Knowledge Base for Connection Evaluation. 
Appendix C 
The following appendix contains case studies which evaluate : 
• An endplate connection. 
• A double angle connection to the beam web. 
Each of these studies will show the user's specification of the connection*, 
including the graphical displays by DFI. Each connection description is followed by 
an evaluation which shows the conclusion, explanations, and suggestions for each 
rule along with a graphical display of the rule hierarchy as it applies to the specified 
connection. These case studies are meant to be representative of the typical interac-
tion between the user and DFI. For each case study, the building description (beam, 
column, and framing schedules) has already been loaded and the checks on the sched-
ules indicated no inconsistencies. 
* User's input is underlined. 
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Case Study 1 - Endplate connection 
The following session is for an end plate connection that has a plate welded to 
the end of the beam in the fabrication shop and which is bolted to the column in the 
field. 
--------------------------------------------------------------
Welcome to the DFI Rapid Prototype (Version 1.00) 
beam-column connection checking system. 
--------------------------------------------------------------
re you on the system graphics console (yin)-> y 
-
Graphic output ENABLED. 
System currently using rule version 1.40 last updated on 12/29/88. 
Rules generate~ by DFI rule compiler version 1.42 last updated on 12/29/88. 
Rule Set: G1, aBC Connection 
Rule Set: G2, aFullColumn 
Rule Set: G3, aBeam 
Rule debugging is DISABLED. 
System currently has a building description loaded 
for building "Marc's Place 11 located at 
11 Fritz Laboratory #13 (in house project)" 
---------
ake a selection from the menu: 
------------------------------
1) Enter building description 
2) Select specific connection 
3) Evaluate known connections 
4) Utilities for connections 
5) 
6) 
7) 
Save 
Quit 
Exit 
session and exit 
DFI system (no save) 
this menu (or type 1 e 1 
Enter selection->~ 
to evaluate 
or I x 1 ) 
a111 Menu : Building Descriptio 
as already been loaded so th 
onnection can be specified. 
Enter your connection parameters when prompted. 
hich floor of Marc's Place would you like 
to select for your connection evaluation? 
Enter a fnteger value between 2 and 5 -> 2 
•' 
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., 
Floor Plan 
his shows the window wit t 
oor plan for the 2nd floor alon 
ith the beam and column ids use 
· n the schedules. 
C1 HB1 C2 HB2 C3 
H 1---1 -----41H 1---1 -~1 H 
CB1 CB5 CB9 
C4 HB3 CS HB4 C6 
H i----1 --------11 H 1t-------a1 H 
CB10 CB14 CB18 
C7 HB5 CB HB6 C9 .._.__. 
H i---L -----41 H 11----------13 H 
Please select a full column to be the current active column for evaluation. 
ake a selection from the menu: 
------------------------------
1) Cl 
2) C2 
3) C3 
4) C4 
5) C5 
6) C6 
7) C7 
8) CB 
9) cg 
Enter selection-> 1 
"J._ .· " 
"{ 
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odeling connection node. Please wait ... 
ake a selection from the menu: 
1) HB1 
2) CB1 
Enter selection-> 1 
Elevation· vi_ew:. beam ·(HBl)~ col·unn (Ct)~ floor ·2. 
. . . . . . ·- . ~~, ~·- ·. ~ . ' . 
' 
W14x82 
; 
W24x55 
is shows the window with t e elevatio 
iew of the beam-to-column connection a 
urrently specified in the system, includin 
he AISC designation for each member. 
he representation is not to scale. 
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lhe moment for this connection is: 20.0 kip-ft. 
lhe shear for this connection is: 30.0 kip. 
beam to column connection's current default value for connection type is FR 
Accept this value (yin)-> y 
beam to column connection 
needs additional information on connection restraint type. 
ake a selection from the menu: 
1) An end plate connection 
2) A flange and web connection 
3) unknown 
Enter selection-> 1 
W14x82 
Selecting a Column Fastener 
0 
W24x55 
.....,., _______ ---1=E n d P 1 ate 
r· is shows the elevation view o 
beam-to-column connection as currentl 
specified, including a message to the use 
of what is curre11tly being prompted for i 
he description of the connection. 
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__ _,.,,· 
. .---· 
column fastener 
needs additional information on column fastener method. 
ake a selection from the menu: 
------------------------------
1) Column fastener is bolting 
2) Column fastener is welding 
3) unknown 
Enter selection-) 1 
.. Elevat.io·n vi.aw:" beam (H81.), colLllln (Ct), floor. 2. 
I 
~·· 
W14x82 
bolted connection 
Selecting a Column Fastener 
bolted: location performed? 
W24x55 
'1f'.,, __________ --J:E n d P 1 at e 
needs additional information on location where connection was performed. 
ake a selection from the menu: 
------------------------------
1) Shop 
2) Field 
3) unknown 
Enter selection-> 2 
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( \ \ 
Elevation view: beam (H81), colllTin (Cl), floor 2. , 
W14x82 
Selecting a Beam Fastener 
·~~-
'\, 
.... 
\ 
\ 
' D W24x55 
\ 
.. End Plate 
column fastener: field bolted 
beam fastener 
needs additional information on beam fastener method. 
~ake a selection from the menu: 
------------------------------
1) Beam fastener is welding he user is limited 
2) unknown 
· ng welding since 
· mpossible option. 
endix A. Enter selection-> 1 
' 
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here to select 
bolting is a 
See als 
, ... .-.. ,,r 
''I 
' 
... ,• 
Elevation view: beam (HB1), colL1Dn.(C1), floor 2. 
I ' ' 
W14x82 
Selecti~g i Beam Fastener 
,, welded: location performed? 
W24x55 
,ff End Plate 
column fastener: field bolted 
welded connection 
needs additional information on location where connection was performed. 
ake a selection from the menu: 
-----""··-------------------------
1) Shop 
2) Field 
3) unknown 
Enter selection-> 1 
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W14x82 
W24x55 
~'ff-------___J:E n d P 1 ate 
---------
ake a selection from the menu: 
------------------------------
1) Enter building description 
column fastener: field bolted 
beam fastener: shop welded 
1,his shows the window with the elevatio 
view of the beam-to-column connection a 
it has been completely specified in th 
stem. 
2) Select specific connection to evaluate 
3) Evaluate known connections 
4) Utilities for connections 
5) Save session and exit 
6) Quit DFI system (no save) 
7) Exit this menu (or type 1 e 1 or 1 x 1 ) 
Enter selection->~ 
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Explanations, 
Suggestions 
co1U1ection 
irfl})ractical 
assembly 
imp ra ct ic a 1 
erection 
imp ra c tic a 1 
bolting: 
impractical 
E,.,l) lana t ions , 
S1tggestions 
toleral1ces 
importa1tt 
E:,..rplanations, 
S1ty-ge st ions 
is shows the window with the rule tre 
or the evaluated connection. 
/ 
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Elevation view: beam (.HB1), collllln (C1)-, floor 2. . · . 
' ' 1 • 
W14x82 
> Problems Detected< 
W24x55 
.,._ ____ --...J:E n d P 1 ate 
column fastener: field bolted 
beam fastener: shop welded 
Display of elevation window dunn 
·he review of the KBS evaluationo 
Connection specification may have problems 
because: ~v~al_u_a-t1_o_n~NI~e-n-u~s~h-ow---in_g __ t~h-e __ m_o_s_t_g_e_n_e_ra~-co_n_c_l_u~s1~0-
nd a general suggestion along with options to vie 
ore detailed rules. 
--------------------
There is a problem associated with the following: 
------------------------------------------------~----------.....;~ 
------------------------
ake a selection from the menu: 
------------------------------
1) The connection may be impractical to assemble as detailed 
2) Exit this menu (type 1 e 1 or 1 x 1 ) 
~nter selection-> 11 
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The connection may be impractical to assemble as detailed 
because: 
--------------------
There is a potential problem with fabricating and/or erecting 
the connection. 
-------------------
Ensure that the connection is feasible to fabricate and erect. 
-----------------------------------------·--------------------
-------------------------
ake a selection from the menu: 
------------------------------
1) Erection assembly may be impractical 
2) Exit this menu (type 1 e 1 or 1 x 1 ) 
Enter selection-> 11 
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Erection assembly may be impractical 
because: 
--------------------
There is some aspect of erection that makes assembly impractical. 
---------------------
1) It may be difficult to bolt the connection if the plates are 
not flush with each other or if the holes in the plates are not 
aligned. 
1) Ensure that during the design phase that there are options 
for fixing misalignment of bolting patterns or specify 
closer tolerances. 
----------~--------------------------------------------------
ake a selection from the menu: 
1) Erection bolting may have potential problems 
2) Exit this menu (type 'e' or 'x') 
Enter selection-> 11 
\ 
67 
Erection bolting may have potential problems 
because: 
--------------------
It may be difficult or impractical to bolt the connection 
during erection. 
_______________ _.. ___ _ 
It is suggested that all the operations involved in placing, 
assembling, and tightening of bolts be carefully considered. 
---------------------
1) Erection tolerances are important. 
1) It is suggested that the standard mill and fabrication 
tolerances are always considered during the design phase. 
------------------------------
------------------------------
-
ake a selection from the menu: 
1) Erection tolerances are important 
2) Exit this menu (type 1 e 1 or 1 x 1 ) 
Enter selection-> 11 
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. ,· 
-
I tolerances are important 
because: 
DETAILED EXPLANATION: 
--------------------
An endplate is very unforgiving to variation in beam length. 
DETAILED SUGGESlION: 
-------------------
1) It may be better to choose an alternate connection method or to 
specify a max length for the beam within tolerances and then use 
shims to ensure fitup. Better to make the beam slightly shorter 
than slightly longer. 
=== NO .fU.RTHER EXPLANATION AVAILABLE=== 
. . ' . . 
ake a selection from the menu: 
-------------------------------
1) Exit this menu (type 'e' or 1 x 1 ) 
Enter selection-~ 
The session will end by exiting each menu until the fylain Menu is exited. 
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/ 
Case Study 2 - Double angle connection to beam web 
The following session is for an endplate connection that has a plate welded to 
the end of the beam in the fabrication shop and which is bolted to the column in the 
field. 
=====~========================================•==============~ 
Welcome to the DFI Rapid Prototype (Version 1.00) 
beam-column connection checking system. 
--------------------
--------------------
--------------------
---
--------------------
-----
re you on the system graphics console (yin)-> y 
Graphic output ENABLED. 
System currently using rule version 1.40 last updated on 12/29/88. 
Rules generated by DFI rule compiler version 1.42 last updated on 12/29/88. 
Rule Set: G1, aBC Connection 
Rule Set: G2, aFullColumn 
Rule Set: G3, aBeam 
Rule debugging is DISABLED. 
System currently has a building description loaded 
for building "Marc's Place" located at 
"Fritz Laboratory #13 (in house project)" 
ake a selection from the menu: 
--------------------
----------
1) Enter building description 
2) Select specific connection to evaluate 
3) Evaluate known connections 
4) Utilities for connections 
5) Save session and exit 
6) Quit DFI system (no save) 
7) Exit this menu (or type 1 e 1 or 1 x 1 ) 
Enter selection->~ 
ain Menu : Building Descnpt10 
as already been loaded so th 
onnection can be specified. 
Enter your connection parameters when prompted. 
hich floor of Marc's Place ~ould you like 
... 
to select for your connection evaluation? 
Enter a integer value between 2 and 5 -> 5 
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{ 
· Plan _view of floor 6. 
Floor Plan 
his shows the window wit 
oor plan for the 2nd floor alon 
ith the beam and column ids use 
· n the schedules. 
Cl HB1 C2 HB2 C3 H ....__, ------11 H ....__, ------11 H 
CB1 CBS CB9 
C4 HB3 CS HB4 C6 ~ 
HEt------.1H1~ -~IH 
CB10 CB14 CB18 
C7 HB5 CB HB6 C9 _ HI I----------11 HI I---_ ______.,., H 
Please select a full column to be the current active column for evaluation. 
ake a selection from the menu: 
------------------------------
1) Cl 
2) C2 
3) C3 
4) C4 
5) C5 
6) C6 
7) C7 
8) cs 
9) cg 
Enter selection-> 2 
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odeling connection node. Please wait ... 
ake a selection from the menu: 
------------------------------
1) HB1 
2) HB2 
3) CBS 
Enter selection-> 1 
Elevation viE!hl: beam (H81)~_colunn (C2)~ floor 5. · · 
W14x68 
. . . 
W24x55 
his shows the window with the e evatio 
iew of the beam-to-column connection a 
urrently specified in the system, includin 
he AISC designation for each member~ 
he representation is not to scale. 
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:..::.·· :·· 
\ 
'-, 
The moment for this connection is: 20.0 kip-ft. 
The shear for this connection is: 30.0 kip. 
beam to column connection's current default value for connection type is FR 
Accept this value (y/n) -> y 
beam to column connection 
needs additional information on connection restraint type. 
ake a selection from the menu: 
------------------------------
1) An end plate connection 
2) A flange and web connection 
3) unknown 
Enter selection-> 2 
,,:-:at• 
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Ele~ation vjBII: beam (H81), colunn (C2), floor 5. 
. ' 
W14x68 
top flange 
Selecting Top Flange Connector 
W24x55 
his shows the elevation view o 
earn-to-column connection as current! 
pecified, including a message to the use 
f what is currently being prompted for i 
he description of the connection. 
needs additional information on detail connection material. 
ake a selection from the menu: 
1) Angle 
2) Plate 
3) Tee 
4) Nothing 
5) unknown 
Enter selection-> 4 
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W14x68 
Selecting Bottom Flange Connector 
W24x55 
bottom flange 
needs additional information on detail connection material. 
ake a selection from the menu: 
------------------------------
1) Angle 
2) Plate 
3) Tee 
4) Nothing 
5) unknown 
Enter selection-> 4 
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.. 
Elevation view: beam (HB1), colunn (C2)~ floor 5. . 
' ' 
W14x68 
Selecting Beam Web Connector 
W24x55 
beam web connection 
needs additional information on detail connection material. 
ake a selection from the menu: 
-------------------------------
1) Angle 
2) Plate 
3) Tee 
4) Nothing 
5) unknown 
Enter selection-> 1 
web angle 
needs additional information on how many anglea are present. 
ake a selection from the menu: 
------------------------------
1) single angle 
2) double angle 
3) unknown 
Enter selection-> 2 
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he user has here the option o 
hoosing a single or double anglee 
ee also Appendix A. 
) 
W14x68 
Selecting Beam 'web Connector 
Selecting a Column Fastener 
W24x55 
.. 
---Doub 1 e \veb Angles 
-
-
.. 
( 
column fastener 
needs additional information on column fastener method. 
ake a selection from the menu: 
------------------------------
1) Column fastener is bolting 
2) Column fastener is welding 
3) unknown 
Enter selection-> 2 
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El·evation v,iaw: beam (H81), co.lunn (C2), floor 5. 
. . 
W14x68 
Selecting Beam ~eb Connector 
Selecting a Column Fastener 
welded: location performed? 
' 
.) 
\ 
W24x55 \ 
) 
~ 
-Doub 1 e \veb Angles 
' 
welded connection 
needs additional information on location where connection was performed. 
ake a selection from the menu: 
------------------------------
1) Shop 
2) Field 
3) unknown 
Enter selection-> 1 
78 
-." 
Ele.vation view: beam (H81), colunn (C2) 1 floor 5.. . · . 
' ' . 
W14x68 
Selecting Beam Web Connector 
Selecting a Beam Fastener 
W24x55 
--Double Web Angles 
column fastener: shop welded 
beam fastener 
needs additional information on beam fastener method. 
ake a selection from the menu: 
------------------------------
1) Beam fastener is bolting 
2) Beam fastener is welding 
3) unknown 
Enter selection-> 1 
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Elevatio,nview: beam (HB1), colunn (C2),.flo9r 5. 
W14x68 
bolted connection 
Selecting Beam ~eb Connector 
Selecting a Beam Fastener 
bolted: location performed? 
W24x55 
--Double Web Angles 
column fastener: shop welded 
needs additional information on location where connection was performed. 
ake a selection from the menu: 
------------------------------
1) Shop 
2) Field 
3) unknown 
Enter selection-> 2 
80 
,, ex; 
Eleva.tion vjew: beam (HB1), colLIDn (C2), fl_oo.r- 5. 
. 
. 
W14x68 
W24x55 
--Double Web Angles 
column fastener: shop welded 
beam fastener: field bolted 
This shows the window with the 
view of the beam-to-column connection a 
it has been completely specified in th 
stem. 
~ake a selection from the menu: 
1) Enter building description 
2) Select specific connection to evaluate 
3) Evaluate known connections 
4) Utilities for connections 
5) Save session and exit 
6) Quit DFI system (no save) 
7) Exit this menu (or type 1 e 1 or 1 x 1 ) \ ' J. 
'(J~ 
Enter selection ->A 
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E:lev.ation view: beam (HB1), ·colLIIln (C2), floor 5. . 
W14x68 ) Problems Detected< 
W24x55 
--Doub 1 e \veb Ang 1 es 
column fastener: shop welded 
beam fastener: field bolted 
Display of elevation windo 
the review of the KBS evaluation. 
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( 
inconsistent 
data 
connectior1 
impractical 
Explanations, 
Suggestions 
inconsistent 
• 
restraint 
Explanations, 
Suggestions 
Explanations, 
Suggestions 
tf not moment 
effective 
Explanations, 
Suggestions 
not moment 
restrained 
Explanations, 
Suggestions 
Explanations, 
Suggestions 
his 1s a partial figure o what is displayed in the windo 
showing the rule tree.* Here the left half of the rule tree i 
shown. See the following page for the remainder of the rul 
ee in Fi . C.2. 
Figure C.1 - Display of left half of rule tree 
* The full display by the KBS on the workstation could not be represented legibly on one page. 
(The right half of the rule tree is shown on the following page.) 
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connection 
impractical 
1s 1s a part1a 1gure o w at 1s 1sp aye 1n t e win o 
showing the rule tree. Here the right half of the rule tree i 
hown. See the previous page for the remainder of the rul 
ee in Fi . C.1. 
assembly 
impractical 
erection 
impractical 
Explanations, 
Suggestions 
Explanations, 
Suggestions 
Explanations, 
Suggestions 
•· 
pos 
impractical 
• 
vert motion 
impractical 
Explanations, 
Suggestions 
\. 
Explanations, 
Suggestions 
Explanations, 
Suggestions 
horz motion 
impractical 
parallel 
. 
motion 
Figure C.2 - Display of right half of rule tree 
Explanations, 
Suggestions 
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Connection specification may have problems 
because: 
There is a problem associated with the following! 
-----------------
---------------~--~----~-----------
---------
----------------
--------
ake a selection from the menu: 
----------------
--------------. 
1) There are inconsistencies for the connection described 
2) The connection may be impractical to assemble as detailed 
3) Exit this menu (type 1 e 1 or 1 x 1 ) 
Enter selection ->_!I 
valuation Menu showing the most general conclusio 
nd a general suggestion along with options to vie 
ore detailed rules. 
85 
There are inconsistencies for the connection described 
because: 
There is an inconsistency in the way the connection has been described 
or in its proposed usage within the building for the following reasons: 
It is suggested that the connection is made similar to a standard 
connection and it should be consistent with the loadings. 
1) The connection restraint specified is inconsistent with the 
physical configuration of the connection or the loading on 
the connection. 
1) It is suggested that the specified restraint, loadings and 
physical description of the connection be made compatible. 
) 
\, 
___________________________________ \._ _______________________ _ 
ake a selection from the menu: 
1) Connection restraint specified is inconsistent with physical description 
2) Exit this menu (type 'e' or 1 x 1 ) 
Enter selection ->..2J. 
86 
Connection restraint specified is inconsistent with physical description 
because: 
1) The connection type has been declared fully rigid (FR) but the 
connection is not fully rigid. 
1) Check the validity of the connection restraint specifi.ed 
ith physical description. 
_______________
_______________
__ ...;.._;..._....,......;_· _____ . _________ ......, ___________ _ 
ake a selection from the menu: 
1) Connection is not restrained 
2) Exit this menu (type 1 e 1 or 1 x 1 ) 
Enter selection ->-21. 
87 
Connection is not restrained 
because: 
--------------------
One or both of the flange connectors are not capable of 
resisting moment on the connection effectively. The web 
connection, if any, will carry only a fraction of the moment. 
-------------------
It is suggested that both the top and bottom flanges be 
ade effective in carrying moment to the column or to 
ake this a simple or partially restrained connection. 
1) The top flange connectors cannot transmit an axial 
force effectively. 
2) The bottom flange connectors cannot transmit an axial 
force effectively. 
-----------------------------------------------------~---~-~-
ake a selection from the menu: 
1) The top flange connector will not help resist moment effectively 
2) The bottom flange connector will not help resist moment effectively 
3) Exit this menu (type 1 e 1 or 1 x 1 ) 
Enter selection ->.JI 
• 
88 
The top flange connector will not help resist moment effectively 
because: 
The top flange connector provides little or no resistance to a 
beam end rotation and can not be considered moment effective for a 
fully rigid connection. 
1) Top flange connector does not exist and cannot transmit 
any loads. 
1) It is suggested that you should specify a top flange to be 
something other than an angle or nothing to improve the moment 
carrying capacity of the connection and reducing the relative 
rotation between the column and the beam. 
=== NO FURTHER.EXPLANATION.AVAILABLE·=== 
. . " ' ' . . . ' 
ake a selection from the menu: 
1) Exit this menu (type 1 e' or 'x') 
Enter selection->_:( 
ake a selection from the menu: 
1) The top flange'connector will not help resist moment effectively 
2) The bottom flange connector will not help resist moment effectively 
3) Exit this menu (type 'e' or 'x') 
Enter selection-> 21 
89 
The bottom flange connector will not help resist moment effectively 
because: 
The bottom flange connector provides little of no resistance to a 
beam end rotation and can not be considered moment effective for a 
fully rigid connection. 
DETAILED- EXPLANATION: 
. . .. ·. . . 
1) Bottom flange connector does not exist and cannot transmit 
any loads. 
DElAILED SUGGESTION: 
1) It is suggested that you should specify a bottom flange to be 
something other than an angle or nothing to improve the moment 
carrying capacity of the connection and reducing the relative 
rotation between the column and the beam. 
=== NO FURTHER -EXPLANATION AVAILABLE·=== 
ake a selection from the menu: 
1) Exit this menu ( type I e I or I x 1 ) 
Enter selection ->_:I 
The session will end by exiting each menu until the Main Menu is exited or 
the user may proceed into the other explanations and suggestions available in the 
connection rule tree. 
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